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A B S T R A C T The purpose of the present study was to examine stimulation of gastrin release and the synthesis of gastrin directly by measurement of incorporation of [3Hltryptophan into gastrin in rat antral mucosal explants maintained in organ culture. Gastrin synthesis and secretion were assessed simultaneously at intervals over the 24-h duration of explant culture. Antral mucosal explants from fed female Wistar rats (4) (5) wk, 100-150 g) were cultured at 37°C (95% 0/5% CO2) in medium containing 70% Trowell-T8 and 10% NCTC-135 without unlabeled tryptophan, 10% dialyzed fetal calf serum and [3HItryptophan (100 ,uCi/ ml). Antral tissue was harvested at regular intervals during 24-h culture periods. Incorporation of [3H]-tryptophan into immunoreactive gastrin was determined by techniques utilizing double-antibody immunoprecipitation. Antral tissue protein synthesis was assessed by measurements of incorporation of [3H]tryptophan into tissue protein of cultured antral explants. In paired experiments, gastrin synthesis and secretion in the presence of dibutyryl cAMP (DBCAMP) were compared to those observed under control conditions. Gastrin and protein specific activity progressively increased with time. Gastrin specific activity at 30 (1) . These investigators, in collaboration with Kenner and co-workers (2) , demonstrated that gastrin was a polypeptide and identified the amino acid composition and sequence of gastrin, thus permitting subsequent synthesis of the hormone (3). Immunohistochemical techniques have been utilized to localize cells that contain gastrin (G cells)' in the pyloric glands of the antrum and the proximal duodenum (4) . The development of a radioimmunoassay for gastrin has provided a sensitive and specific method for the measurement of gastrin both in tissue extracts and in body fluids (5) (6) (7) . Molecular heterogeneity applies to gastrin, as for other peptide hormones, such as insulin, parathyroid hormone and glucagon, each of which exists in more than one molecular form. Steiner et al. have demonstrated incorporation of radiolabeled amino acids into insulin (8) , and have established the precursor relationship of proinsulin to insulin in cultured isolated islets of Langerhans (9) . Glucose and the adenylate cyclase-cyclic nucleotide system have been shown to be important interrelated factors in stimulating release and synthesis of insulin (10, 11) . In vitro organ tissue culture techniques have been employed to ' Abbreviations used in this paper: DBCAMP, dibutyryl cyclic AMP; G cell, gastrin cell; G-17, human gastrin I; G-34, purified human big gastrin I.
The Journal of Clinical Investigation Volume 60 July 1977 51 -60 51 study various functional and morphological characteristics of stomach (12) , small intestine (13) , and colon (14) .
The purpose of the present investigation was to examine directly stimulation and inhibition of gastrin synthesis and gastrin secretion by rat were determined for the void volume (dextran blue), salt peak (125I-Na), and for purified human big gastrin I (G-34) and synthetic human gastrin I (G-17). G-34 gastrin was a kind gift of Professor R. Gregory, University of Liverpool, Liverpool, England. G-17 was purchased from Imperial Chemical Industries, Ltd. Cheshire, England. The elution volume profile of the Sephadex G-50 column for 3H-radioactivity in the gastrin extract was also determined: an aliquot (0.1 ml) of each eluted fraction was added to 4 ml of Instagel (Packard Instrument Co., Inc., Downers Grove, Ill.) and counted in a Packard liquid scintillation spectrometer, model 3375 (Packard Instrument Co., Inc.). The counting efficiency of the liquid scintillation counter was determined by the method of intemal standardization. Gastrin contents of individual eluted 2-ml fractions were measured by radioimmunoassay (15) . The five eluted 2-ml fractions containing the immunoreactive gastrin peak were pooled and gastrin concentrations were remeasured by radioimmunoassay.
Incorporation of [3Hltryptophan into gastrin was determined by techniques utilizing double-antibody immunoprecipitation. After separation by Sephadex G-50 column chromatography pooled fractions containing gastrin were incubated for 72 h at 40C with rabbit antibodies to synthetic human gastrin I (2-17). The gastrin-antigastrin complex was then precipitated by the addition of goat antibody to rabbit IgG. After the addition of the second antibody, samples were incubated for 24 h at 40C. The supemates were removed after centrifugation at 1,000g for 55 min at 4°C and the precipitates were solubilized by the use of a toulene-based tissue solubilizer (NCS, Amersham/Searle Corp., Arlington Heights, Ill.). The solubilized immunoprecipitates were then added to 10 ml of liquid scintillation fluid (toluene 100 ml; PPO, 600 mg, POPOP, 7.5 mg) and counted in a liquid scintillation counter. The 
RESULTS
Elution characteristics of gastrin and 3H-radio- tion of immunoreactive gastrin and 3H-radioactivity in antral explants cultured with media containing tritiumlabeled tryptophan were assessed by Sephadex G-50 superfine column chromatography. The major component of immunoreactive gastrin eluted in a single peak with an elution volume of approximately 55%, with a small leading shoulder (Fig. 1) . The majority of tritium radioactivity eluted with the void volume, with a lesser peak preceding the elution volume for gastrin and a small peak in the region of the salt peak (Fig. 1) . (Fig. 3) . Gastrin (Table I) .
The effect of DBCAMP on gastrin secretion and synthesis by antral explants. To assess the effects of the dibutyryl derivative of cyclic AMP on gastrin secretion and synthesis by antral explants, paired experiments were performed comparing results obtained with explants cultured with control media with those obtained with media containing 10 mM DBCAMP. The concentration of gastrin in control culture media increased gradually with time, however, gastrin secretion into the medium was significantly stimulated by incubation in the presence of 10 mM DBCAMP when compared with control (P < 0.005) (Fig. 4, Table II ). Gastrin synthesis was measured simultaneously with measurements of gastrin secretion in paired experiments performed with control media and with 10 mM DBCAMP.
[3H ]Tryptophan incorporation into gastrin was stimulated significantly by 10 mM DBCAMP over the 24-h period of observation when compared with control (P < 0.005) (Fig. 5) . Dose-response experiments were conducted with antral explants cultured for 16 h to examine the effects ofprogressively increasing concentrations of DBCAMP (from 2.5 to 40 mM) on gastrin secretion, gastrin synthesis, and protein synthesis. Maximum stimulation of gastrin secretion, gastrin synthesis, and total antral tissue protein synthesis was achieved by incubation with 10 mM DBCAMP (Fig. 6) . Additional experiments were performed with butyric acid to determine possible stimulatory effects of this potential cleavage product of DBCAMP metabolism on gastrin secretion and synthesis. In the presence of 1 and 10 mM butyric acid gastrin secretion and gastrin and protein synthesis were not stimulated, but rather were reduced when compared with control values from paired experiments (Table III) .
As an additional control for the specificity of gastrin synthesis as demonstrated by immune precipitation, experiments were performed in which tritium incorporation measurements were compared in the presence and in the absence of greater than 100-fold excess nonradiolabeled gastrin. In these experiments pooled Sephadex G-50 column fractions containing immunoreactive gastrin were incubated, as previously described, in the absence and in the presence of 2 ,ug of human gastrin I (greater than 100-fold excess.ofgastrin). Experiments Results are given mean±SEM. Total antral gastrin is comprised of gastrin released from the antral explant (media gastrin) and gastrin extracted from the explant during the experimental procedure (explant gastrin). Antral explants were cultured in the presence of control media (C) or with media containing 10 mM DBCAMP (D). Each experiment was done with four explants. Results are given as mean±SEM. In each experiment three antral explants were cultured individually for 18 h in the presence of control media or with media containing either 1 or 10 mM butyric acid.
tion of explants did show scattered areas of focal degeneration and necrosis at 24 h, which was rarely observed in explants examined at earlier time points.
DISCUSSION
The application of in vitro organ and tissue culture techniques to the study of peptide hormone secretion and synthesis has permitted investigation of endocrine cell function independent of in vivo variables, such as blood flow and hormone-hormone or hormone-neural transmitter interaction. The direct and simultaneous demonstration ofpeptide hormone synthesis and secretion utilizing in vitro techniques has previously been described for insulin (18) , glucagon (19) , and parathyroid hormone (20) . Gastrin secretion, but not synthesis, by antral (21, 22) and gastrinoma tissue (23, 24) has been studied by utilizing perifusion and organ tissue culture techniques, respectively. The results of the present studies demonstrate (a) direct gastrin synthesis and simultaneous gastrin secretion by isolated cultured antral mucosal explants; (b) that both gastrin and protein specific activities progressively increase with time; (c) cycloheximide almost completely abolishes gastrin and protein synthesis; and (d) DBCAMP [26, 27] (21, 22) , it is possible to postulate that antral gastrin release and synthesis may be mediated, at least in part, by effects of the adenylate cyclasecyclic AMP system on the G cell. Precise elucidation of the mechanism(s) of participation of adenylate cyclase and the cyclic nucleotides in G-cell functions will require further study.
Studies of protein biosynthetic mechanisms have shown that peptide synthesis proceeds from N-terminal to C-terminal amino acids. It has been suggested that gastrin is synthesized as the 34-amino acid big gastrin form (G-34), or as an even larger molecule, and then is converted enzymatically into the heptadecapeptide and other smaller gastrin fragments (28) . Gastrin resembles several other hormones that are synthesized as larger peptides and may be converted by the action of enzymes with trypsin-like specificity to smaller, more active forms. The trypsin-sensitive region of gastrin is composed of the two consecutive basic amino acids (lysine-lysine) at the 16 and 17 position of human big gastrin (G-34). In insulin (29) , glucagon (30) , and parathyroid hormone (31) , the trypsinsensitive points of cleavage for conversion of large to smaller forms of the hormones are also each composed of two consecutive basic amino acids. There is no evidence for conversion of G-34 to G-17 in the circulation (32). Although not proven, conversion of G-34 to G-17 may take place in the antral gastrin cell (G cell), since most of the stored hormone is in the G-17 form. The present studies do not provide evidence relating to the possible precursor relationship of big gastrin (G-34) to heptadecapeptide gastrin (G-17).
